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Claim of the utility model 

A pulse amplifier for amplifying pulse-shaped signals., 
comprising: a first constant current source for constantly providing 
a bias current; a second constant current source connected in parallel 
with the first constant current source; and a switching circuit that 
turns on or off the second constant current source in accordance with 
the output level of the amplifier , wherein the current from the second 
constant current source is provided only when the output level of the 
amplifier exceeds a predetermined level. 

Brief description of the drawings 

Fig. 1 is a circuit block diagram according to the exemplary embodiment 
of the present device; Fig. 2 is a graph showing the relationship between 
the output voltage (Vout) and the time; and Fig. 3 is an explanatory 
diagram showing an amplifier circuit of a conventional semiconductor 
radiation detecting element. 

l...first constant current source, 2...second constant current source, 
3...switch, 4...comparator, A...f eedback amplifier circuit 

Fig. 2 

vertical axis output voltage (Vout) 

horizontal axis time 
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Specification 

1 . Name of the device 
PULSE AMPLIFIER 

2 . Claim of the utility model 

A pulse amplifier for amplifying pulse-shaped signals, 
comprising: a first constant current source for constantly providing 
a bias current; a second constant current source connected in parallel 
with the first constant current source; and a switching circuit that 
turns on or off the second constant current source in accordance with 
the output level of the amplifier, wherein the current from the second 
constant current source is provided only when the output level of the 
amplifier exceeds a predetermined level. 

3. Detailed description of the device 
<Industrial application> 

The present device relates to an amplifier for amplifying 
pulse-shaped signals from, for example, a semiconductor radiation 
detector or the like. 
<Related art> 

In a radiation detecting apparatus that utilizes a semiconductor 
radiation detecting element as a sensor, pulse-shaped voltage signals 
with a suitable magnitude are generally obtained by applying a high 
voltage to the element 10 as shown in Fig. 3, and then by amplifying the 
pulse-shaped current signals produced by the incidence of the radiation 
with the amplifier 12 via, for example, the capacitor 11 for cutting 
direct currents. 

As the amplifier 12, a pulse amplifier that utilizes a 
charge-sensitive feedback amplifier circuit having a high input 
impedance and including a FET or the like in the differential input stage, 
is conventionally used. 

<Problem to be resolved by the device> 

When an apparatus for capturing radiation images is configured 
by arranging such semiconductor radiation detecting elements 10 in a 
one-dimensional array or a two-dimensional array,, a plurality of pulse 
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amplifiers as shown in Fig. 3 are required. 

In the case, high integration of the elements 10 is required in 
order to improve the resolution of the apparatus, leading to the problem 
in that as the integration advances, a larger number of the pulse 
amplifiers 12 are required, which makes the power consumption increase 
as a whole. 

The bias currents provided to each pulse amplifier 12 may simply 
be lowered to reduce the power consumption; however, lowering of the 
bias currents leads to the decrease in the bandwidth of the amplifiers, 
that is, the decrease of responsiveness, which can not be accepted in 
view of the performance of the apparatus . 

The general purpose of the present device is to provide a pulse 
amplifier in which the power consumption is reduced without 
substantially influencing the bandwidth of the amplifier. 
<Means for resolving the problem> 

The configuration to achieve the above purpose will be explained 
below with reference" to Fig.l showing the exemplary embodiment of the 
present device. 

The present device is characterized by the configuration in which 
the second constant current source 2 is connected in parallel with the 
first constant current source 1 that constantly provides the feedback 
amplifier circuit A with a bias current; and the switching circuit (for 
example, the switch 3 and the comparator 4) that turns on and off the 
second constant current source 2 in accordance with the level of the 
output Vout of the amplifier, is provided; and the current from the second 
constant current source 2 is additionally provided to the feedback 
amplifier circuit A only when Vout exceeds the predetermined level 
(Vref ) . 
<Operation> 

The bias current that is constantly provided from the first 
constant current source 1 is set, for example, to the minimum level 
required to make the feedback amplifier circuit A operate, whereas the 
second constant current source 2 is configured to provide a current high 
enough compared with the above bias current. 

Although such highly responsive output as shown by the broken 
line of Fig. 2 is not obtained when there is not provided the current. 
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from the second constant current source 2 . In the state where the output 
voltage Vout reaches the predetermined level (Vref ) , the response speed 
increases so that a high responsive output as shown by the continuous 
line of Fig. 2 can be obtained as a whole. 

Since the high current from the second constant current source 
2 is provided only when there are pulse inputs, the power consumption 
can be reduced as a whole. 

The exemplary embodiment of the present device will be explained 
below with reference to the accompanying drawings. 

Fig.l is a circuit block diagram according to the exemplary 
embodiment of the present device. 

The feedback amplifier circuit A having the feedback resistor 
Rf is a conventional charge-sensitive amplifier circuit; however, the 
first constant current source 1 and the second constant current source 
2 are connected in parallel with each other to the bias current input 
terminal that provides the differential input stage and the buffer and 
the like with constant currents. 

The first constant current source 1 constantly provides the 
feedback amplifier circuit A with a constant current, and the current 
value is set to the minimum current value required to make each transistor 
of the feedback amplifier circuit A enter the operating point. 

The second constant current source 2 is a current source that 
can provide a current high enough compared with the first constant 
current source 1, and is configured so that it provides the feedback 
amplifier circuit A with a current only when the switch 3 is closed. 

The switch 3 is opened or closed by the output signal of the 
comparator 4 . 

The comparator 4 is configured to close the switch 3 when the 
output voltage Vout of the feedback amplifier circuit A exceeds the 
predetermined reference voltage Vref after comparing the two voltages. 

In addition, the magnitude of the reference voltage Vref is set 
to a voltage well below compared with the average peak value of the output 
voltage Vout. 

According to the above exemplary embodiment of the present device, 
the feedback amplifier circuit A is driven by a very small bias current 
from the first constant current source 1 when there is no pulse input 
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signal, and when pulse input signals come to the state, the high current 
from the second constant current source 2 is provided immediately after 
the amplified output voltage Vout has risen, whereas the only current 
from the first constant current source 1 is provided again at the same 
time when the output Vout has fallen. 

As a result, the output voltage Vout rises rapidly after exceeding 
Vref as shown by the continuous line of Fig. 2, which makes the 
responsiveness improve compared with the case of using only the first 
constant current source 1 (the broken line of Fig. 2). 

If there is no input pulse, the power consumption in the amplifier 
is determined only by the magnitude of the current from the first constant 
current source 1, whereas if there are any input pulses, the power 
produced by the current from the second constant current source 2 is 
added to the above power consumption, wherein the power produced by the 
current from the second constant current source 2 corresponds to the 
number of the input pulses. 

However, especially when the input pulse is discrete, very little 
power will be added. 

Furthermore, although there occur some changes in the circuit 
characteristics such as the gain when changing the bias current 
dynamically, it does not matter much to amplifiers of which the purpose 
is to amplify for counting the input pulses, such as an apparatus for 
capturing radiation images or the like. 

Accordingly, the present device can be applied to the pulse 
amplifiers designed for such amplification and utilized for another 
applications such as photon counting of a weak light, or detecting a 
pulse light or the like. 
<Effect of the device> 

As described above, according to the present device, the bias 
current from the first constant current source is provided when there 
is no pulse input, whereas the current from the second constant current 
source is added to the above bias current at the same time when the 
amplified output rises after the pulse being input. 

Therefore, the power consumption can be reduced without lowering 
the responsiveness, by setting the currents from the first constant 
current source and the second constant current source to appropriate 
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levels . 

That is, the power consumption can be reduced as a whole, with 
the response speed maintained at the desired level as long as the input 
pulses are not input continuously or at close intervals, by ensuring 
that the current from the first constant current source is substantially 
lower and the current from the second constant current source is higher 
than in a conventional pulse amplifier that constantly provides a 
commensurately high bias current in order to gain a certain speed of 
response 

In other words, the responsiveness can be improved with the same 
level of power con sump t.i on as conventionally used. 
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